Purpose The aim of this study was to investigate the association between two common single nucleotide polymorphisms (SNPs) in the vascular endothelial growth factor (VEGF) gene (−460C/T and +405G/C) and polycystic ovary syndrome (PCOS) risk in south Indian women. Methods This study involves clinically confirmed PCOS patients (n=126) and non-PCOS controls (n=130) of south Indian origin (Dravidian linguistic group). Genotyping of the VEGF gene −460C/T and +405G/C SNPs were performed by PCR and sequencing analysis. Haplotype frequencies for multiple loci and the standardized disequilibrium coefficient (D') for pairwise linkage disequilibrium (LD) were assessed by Haploview Software. Results The frequencies of +405G/G genotype (P=0.03) and +405G alleles (P=0.006) were significantly higher in patients compared to controls. Whereas the genotype and allele frequencies of −460C/T SNP were not significantly different between patients and controls. In addition, LD analysis revealed no significant difference between patients and controls. Conclusion Our findings suggest that the VEGF +405G/C polymorphism may constitute an inheritable risk factor for PCOS in south Indian women.
Introduction
Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders affecting women of reproductive age with a prevalence of 6-10 % [1] . Important reproductive aspects associated with PCOS are polycystic ovaries, hyperandrogenism, hirsutism, acne, androgenic alopecia, anovulation (amenorrhea, oligomenorrhoea), and hyper secretion of LH. Metabolic disorders associated with PCOS include hyperinsulinaemia, insulin resistance, impaired pancreatic cell insulin secretion, type 2 diabetes [2] . In addition, disorders of general health such as preeclampsia and chronic thyroiditis [3, 4] are also shown in association with PCOS. The observation of familial aggregation indicates heritable tendency of the PCOS, but the etiology and pathogenesis remains uncertain.
A key pathophysiological feature of PCOS is the increased ovarian mass, supported by new blood vessel proliferation in stroma and theca [5] . Vascular endothelial growth factor (VEGF) or vascular permeability factor (VPF), a dimeric heparin-binding glycoprotein, is one of the most likely candidates for promoting angiogenesis and vascular permeability. Macrophages and granulosa cells are major sources for VEGF in female reproductive tract [6] . It mediates neovascularisation during corpus luteum formation, embryogenesis and tumorigenesis. In addition, it is also important for maintaining and regulation of perifollicular blood flow and intrafollicular oxygen levels [7] .
Earlier studies have reported elevated serum VEGF levels in women with PCOS [8] . Increased secretion of VEGF in the serum of patients may induce an increased number of active granulosa lutein cells which have both increased secretory capacity as well as up-regulated gene expression level [8, 9] . Furthermore, increased VEGF levels have also been reported in the hyperthecotic stroma of PCOS which can induce connective stromal growth by promoting microvascular permeability [10] . High vascularisation may lead to the abnormal growth of the thecal interna, which is a major site for androgen steroidogenesis. Endothelial dysfunction in women with polycystic ovary syndrome has been demonstrated previously by colour Doppler blood flow imaging [11] . It has been suggested that increased intra-ovarian concentrations of VEGF are related to increased secretion of LH, an important pathophysiological feature of PCOS [12] . All these observations suggest that the development of ovarian follicle is strongly influenced by VEGF expression levels in PCOS patients.
The VEGF gene is located at 6p21.3 locus. Several number of single nucleotide polymorphisms (SNPs) have been identified within the VEGF gene, of which some are located in the promoter (eg: −460C/T) and in 5'-untranslated region (5'-UTR; eg: +405G/C) which are critical for transcriptional regulation. For example, the +405G/C SNP has a significant effect on VEGF expression [13] . Available literature indicates association between VEGF +405G/C, −460C/T SNPs and risk of various human diseases [14] [15] [16] [17] , but studies related to PCOS are very few. In the present study, we report for the first time association between the VEGF untranslated region SNPs (−460C/T and +405G/C) and PCOS risk in south Indian women.
Materials and methods

Study design
One hundred and twenty six women of Indian origin with PCOS were recruited at the Infertility Institute and Research Centre (IIRC), Secundrabad, India. They had no smoking and no caffeine habits. BMI was calculated as body weight (kg) divided by body height squared (m 2 ). Patients were selected as per the Rotterdam consensus criteria to diagnose PCOS [18] . The characteristics of PCOS women and controls were summarized in Table 1 . Polycystic appearing ovaries were defined sonographically as the presence of multiple (>10), small (2-9 mm in diameter) follicles in the periphery (in one plane) and increased stromal echogenicity. The presence of polycystic ovaries was confirmed by ultrasound scan, followed by laparoscopy to rule out any other reproductive disorders. In the study group, the indications for referral were menstrual cycle disturbances, infertility and symptoms of hyperandrogenism. Women with other infertility related disorders such as endometrial cysts on ovaries, adenomycosis, ovarian adhesions and presence of cysts on pelvic organs other than ovaries, even those showed symptoms of PCOS (like hyper androgenaemia and elevated hormone concentrations) but who had normal ovaries as revealed by ultra sound scan and laparoscopic examination were excluded from the present study. In addition, the study group women showed one or more of following clinical or biochemical disturbances: infertility, hirsutism, acne, irregular menstruation, laboratory tests revealing androgen excess (serum testosterone concentration >2.5 nmol/l or plasma testosterone >40 pmol/l), and an elevated LH/FSH ratio.
Controls
To compare the results obtained from the patient group, a total of 130 fertile women aged from 18 to 40 years (mean age: 26 years) of age were recruited as controls. They were selected on the basis of regular menstrual cycles and had a successful pregnancy record. The absence of polycystic ovaries in the controls was confirmed by ultrasound method. Peripheral blood samples (5 ml) were collected from all the subjects in EDTA vacutainers and stored at −80°C until further use. Written informed consent was obtained from all participants. The institutional review board of the Centre for Cellular and Molecular Biology (CCMB), Hyderabad, approved the study.
DNA extraction
Genomic DNA was extracted from 1 ml of EDTA anticoagulated whole blood by the method described earlier [16] . Both cases and controls were genotyped in a randomized, blinded fashion.
Determination of VEGF genotype
Genotyping of VEGF polymorphisms (−460C/T and +405G/C) by PCR and sequencing analysis as per the protocols described earlier [17] . PCRs were carried out in a total volume of 25 μl, containing 50 ng genomic DNA, 2-6 pmole of each primer, 1X Taq polymerase buffer (1.5 mM MgCl 2 ) and 0.25U of Amplitaq DNA polymerase (Perkin Elmer, Foster City, USA). The primers for -460C/T were 5' TGTGCGTGTG GGGTTGAGCG-3' (forward), and 5'-TACGTGCGGACA GGGCCTGA-3' (reverse), and 5'-ATTTATTTTTGCTTGC CATT-3' (forward) and 5'-GTCTGTCTGTCTGTCCGTCA-3' (reverse) for +405G/C. The primers were designed by using primer 3plus software (http://primer3plus.com/cgi-bin/dev/ primer3plus.cgi). PCR amplification was performed in a programmable thermal cycler gradient PCR system (Eppendorf AG, Hamburg, Germany). The PCR amplification was carried out for 35 cycles (denaturation at 94°C for 1 min, annealing for 1 min at 60°C for −460 and 55°C for +405, extension at 72°C for 1 min and final extension for 10 min at 72°C. PCR products of 175 bp (−460) and 304 bp (+405) were analysed by 1.5 % agarose gel stained with ethidium bromide and then sequenced with a Taq-Dye deoxy-terminator cycle sequencing kit (Applied BioSystems, USA) using an automated ABI 3770 DNA sequencer (Applied BioSystems, USA). Genotype calling was performed by using Chromas V.2 software (Technelysium Ltd., Australia).
Statistical analysis
Statistical analysis was performed using SPSS statistical package (V 11.0). The genotype distribution among subjects was tested for Hardy-Weinberg equilibrium (HWE) using Fisher's exact test. The allele ratios and genotype distributions of cases and controls were analyzed using Fisher's exact test. The odds ratio and 95 % confidence interval (CI) values were calculated using the online Vassar Stats Calculator (http://www.faculty. vassar.edu/lowry/VassarStats.html). Haplotype frequencies for multiple loci and the standardized disequilibrium coefficient (D') for pair-wise linkage disequilibrium (LD) were assessed by Haploview Software [19] . The data on haplotype and case-control were subjected to ANOVA and the four haplotypes were examined for their statistical significance applying Tukey's test.
Results
All subjects (n=256) were successfully genotyped. Amongst both cases and controls, the genotype distributions of individual SNPs as well as VEGF allele system were all in HardyWeinberg equilibrium (P>0.05). Sequencing analysis of 175 bp (−460C/T) and 304 bp (+405G/C) PCR products were shown in Fig. 1a and b . The TT, CC (−460) and GG, CC (+ 405) homozygotes manifested as a single peak, whereas heterozygotes CT (−460) and GC (+405) as double peaks. Fig. 1 a Genotyping of the VEGF gene -460C/T polymorphism by sequence analysis of the PCR-amplified product using a forward primer. b Genotyping of the VEGF gene +405G/C polymorphism by sequence analysis of the PCR-amplified product using a forward primer +405G/C polymorphism The genotype and allele distribution of the VEGF +405G/C SNP revealed significant differences between patients and controls (all P values <0.05). There was significant reduction of C/C genotype frequency and elevation of G/G genotype frequency in patients as compared to controls ( Table 2 ). The allele frequency also showed similar trend indicating that 'G' allele might confer risk to PCOS and 'C' allele offer protection against the disease (P=0.00694).
−460C/T polymorphism
The VEGF −460C/T SNP genotype distribution and allele frequencies amongst the cases and controls were shown in Table 2 . The frequencies of genotypes (P=0.372) and alleles (P=0.636) were not significantly different between cases and controls.
Haplotype analysis
To analyze the combined effect of VEGF SNPs on PCOS development, the haplotype frequencies for multiple loci and the standardized disequilibrium coefficient (D ' ) for pair-wise linkage disequilibrium (LD) were estimated (Table 3 ; Fig. 2 ). The LD between -460C/T and +405G/C loci was not much different between cases (D ' =24) and controls (D ' =29). Our data suggests that the -460T/+405G is the most common haplotype in south Indian women. Hence, the relative risk of each haplotype was calculated by using this as reference (Table 3 ). The ANOVA results with Tukey's correction showed a p value exceeding 0.05 indicating no statistically significant difference in the occurrence of the four haplotypes between cases and controls.
Discussion
Single nucleotide polymorphisms (SNPs) are common DNA sequence variations among individuals which play significant role in development of several human diseases, including cancer. SNPs particularly in gene promoters and protein encoding regions may modulate gene function and/or transcriptional efficiency. There are at least 80 SNPs places in this gene (NCBI Gene association no: NT 007592). Importantly, the -460C/T and +405G/C SNPs were extensively investigated by different scientific groups in various diseases with inconsistent results. Some of them have found an increased risk for the 'C' (−460) and/or 'C' (+405) allele carriers [20] , while the others could not [21] . In regards to PCOS, only one case-control study have evaluated these SNPs [22] . Indeed these studies emphasize the importance of complex genetic traits for studying genetic variants in different ethnic and geographic populations.
The VEGF gene is located in the chromosome region 6p21.3 and consists of eight exons and seven introns exhibiting alternate splicing to form a family of proteins [23] . The regulatory region of the VEGF gene contains a number of transcription factor-binding sites and transcriptional regulation of this gene appears to be extremely complex, with levels of control at the transcription and translation [24] . The polymorphisms in the VEGF gene promoter region (−460) or 5'-untranslated region (+405) have been associated with different levels of VEGF expression [25] . It was reported that -460T [26] and +405G [13] alleles appear to correlate with increased VEGF expression. The differential VEGF expression could influence the etiology of a variety of pathological conditions. In addition, the -460C/+405G haplotype has been associated with higher promoter activity, than the -460T/+405C haplotype [26] . These observations suggest that the SNPs themselves have a regulatory function or, alternatively, there is an allelic linkage between these polymorphisms and functional polymorphisms elsewhere in the gene. In the present study, for the first time we report significant association between VEGF +405G/C SNP and PCOS risk in south Indian women. The 'G' allele frequency was significantly higher in PCOS patients than unaffected controls drawn from the same population (Table 2 ). In addition, the G/G genotype frequency was also significantly higher in PCOS patients (P=0.03). Hence, our results indicate VEGF as a candidate gene for PCOS. However, some of the previous investigations have reported no association between VEGF + 405G/C SNP and PCOS risk which is not in agreement with the present result [22] . This discrepancy may be due to differences in ethnicity, demographic location, sample size, and/or allele frequencies among populations. Indeed drastic difference in 'G' allele distribution was observed in the two populations studied. The frequencies of 'G' allele in controls and cases were 85 and 82 % respectively compared to 63 and 74 % in the present study.
Our haplotype analysis showed that the -460C/+405C haplotype, which is associated with lower promoter activity, was significantly more common in controls than in cases (P= 0.0128). Interestingly, our data also showed higher frequency of -460T/+405G haplotype in the PCOS group compared to controls; however, it did not reach up to significant level (P>0.0125). This could be due to the smaller sample size. The -460T and +405G alleles are known to be associated with high production of VEGF [13] . Therefore, the -460T/+405G haplotype carriers may have a higher levels of VEGF which can lead to increased vascularity and accentuated stromal growth in the ovary with subsequent hyperplasia of the theca interna and excessive production of androgens. This hypothesis is supported by demonstration of a strong immunohistochemical staining of VEGF in the ovarian stroma of patients with PCOS [10] . VEGF can induce connective stromal growth by increasing microvascular permeability, which leads to extravasation of plasma proteins in the polycystic ovarian syndrome [27] . The extravascular matrix thus formed favours the growth of new blood vessels and fibroblasts, which in turn organize the avascular provisional fibrin matrix into a mature, vascularized connective tissue stroma [10] .
The VEGF gene is reported to be regulated by estrogen, hypoxia, growth factors including epidermal growth factor, and cytokines including interleukin 6. [16, 28] The VEGF gene contains two ER-binding sites. One of these was in the 3'-untranslated region and worked as a conventional enhancer, and the other, located in exon 1 (+410 ERE). Previous studies reported that obese PCOS patients have elevated estrogen levels [29] . +405G/C polymorphism is located adjacent to the +410 ERE of VEGF gene and appeared to regulate transcription of the VEGF in the presence of estrogen [29] . Therefore, it is likely that carriage of these polymorphisms would alter the estrogen responsiveness of the promoter, and this would have important implications for regulation of VEGF expression. BRCA-1 affects the estrogen levels in granulosa cells of ovarian follicle by regulating the levels of aromatase, a rate limiting enzyme of estrogen biosynthesis [30] . However, BRCA-1 which is localized 1.2 kb upstream from the VEGF transcription start site also modulates VEGF transcription [31] . In conclusion we report that the +405G allele in the 5′-untranslated region of VEGF gene may influence the likelihood of a woman developing PCOS. However, further larger-scale population studies including other loci of the VEGF gene are necessary to confirm our findings.
